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Abstract
Objective  The aim of this meta-analysis was to compare the efficacy of PCSK9 and ANGPTL3 inhibitors in patients with 
homozygous familial hypercholesterolemia (HoFH).
Methods  We systematically searched selected electronic databases until 30 November 2024. Main end point was the effect of 
lipid lowering therapy on lipid profile: total cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-C), 
high density lipoprotein cholesterol (HDL-C) and lipoproteins levels. The secondary end point was adverse clinical effects.
Results  A total of 12 trials involving 392 patients with HoFH, were finally included in the meta-analysis. At a median follow-
up of 12 months, ANGPTL3 inhibitors achieved greater reductions in TC (− 49.9% versus − 21.2%; p for subgroup < 0.001), 
LDL-C (− 50.77% versus − 17.88%; p for subgroup < 0.001) and TG (− 48.9% versus − 8.2%; p for subgroup < 0.001) compared 
with PCSK9 inhibitors, but had a smaller impact on HDL-C (− 28.9% versus + 5.2%; p for subgroup = 0.001). Apolipoprotein 
B decreased more with ANGPTL3i (− 26.9% versus − 13.2%; p for subgroup < 0.001), while lipoprotein(a) reductions were 
similar between groups, and apolipoprotein A remained unaffected with PCSK9i but slightly decreased with ANGPTL3i. 
In meta-regression, ANGPTL3i produced a greater LDL-C reduction in the negative LDL receptor (LDLR) genotype 
(− 34.5%; p = 0.04) and showed a trend toward significance in the defective genotype (− 23.1%; p = 0.07), with no signifi-
cant difference in the heterozygous type. The rates of adverse events and discontinuations were not significantly different 
between the groups.
Conclusions  PCSK9 inhibitors have lower efficacy in reducing lipid levels in HoFH compared with ANGPTL3 inhibitors, 
with the greatest difference seen in patients with the negative LDLR genotype. Further studies are needed to clarify efficacy 
across LDLR functional variants.
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Key Points 

In patients with homozygous familial hypercholester-
olemia (HoFH), ANGPTL3 inhibitors reduced low den-
sity lipoprotein cholesterol and triglyceride levels more 
effectively than PCSK9 inhibitors.

The largest benefits from ANGPTL3 inhibitors were 
seen in patients with null (negative) LDL receptor geno-
types, suggesting genotype‑based differences in treat-
ment response.

Both drug classes had similar safety profiles, with no 
major differences in adverse events or discontinuations.

1  Introduction

Homozygous familial hypercholesterolemia (HoFH) is an 
autosomal semidominant disease characterized by markedly 
high levels of low-density lipoprotein cholesterol (LDL-C) 
leading to an increased risk for premature atherosclerotic 
cardiovascular disease (ASCVD), high burden of cardiovas-
cular (CV) outcomes and early mortality [1, 2]. It is caused 
by pathogenic variants in the LDL receptor (LDLR) gene 
or other genes affecting LDLR function [3]. HoFH affects 
approximately 1 in 160,000 to 360,000 individuals world-
wide [4, 5]. Despite its significant health implications, 
underdiagnosis and undertreatment remain major challenges 
in managing this condition. Current estimates suggest that 
approximately 30,000 people globally have HoFH; however, 
less than 5% of these are properly identified and treated [4, 
5]. Genetic alterations in HoFH that result in minimal or 
absent LDL receptor (LDLR) expression (null homozygotes) 
lead to significantly higher LDL-C levels compared with 
alterations that only partially reduce LDLR expression, such 
as having two non-null alleles or one null and one non-null 
allele (non-null homozygotes) [6]. This distinction is crucial, 
as HoFH accelerates the onset of ASCVD, with individuals 
carrying null-null LDLR variants at a higher risk of prema-
ture ASCVD. Untreated patients with HoFH typically do not 
survive beyond the third decade, underscoring the impor-
tance of early intervention to optimally manage LDL-C and 
to lower the risk of CV events [7, 8].

The combination of lipid-lowering therapy (LLT), which 
includes various available therapies and lipoprotein apher-
esis (LA), is the cornerstone of managing homozygous 
familial hypercholesterolemia (HoFH), alongside lifestyle 
modifications [1]. Guidelines recommend early initiation 
of multiple LLTs such as high-intensity statins, ezetimibe, 

PCSK9 inhibitors (evolocumab or alirocumab), angiopoie-
tin-like 3 (ANGPTL3) inhibitors such as evinacumab and 
mipomersen and lomitapide [1, 7, 9–11]. Statins and PCSK9 
inhibitors, which upregulate hepatic LDL receptors, reduce 
LDL-C by ~ 30% but are less effective in severe HoFH 
with two null LDLR alleles [1, 12, 13]. Lomitapide, acting 
independently of LDLR, is an alternative but carries some 
safety concerns including gastrointestinal issues and hepatic 
steatosis [14, 15]. Angiopoietin-like 3 (ANGPTL3) is a key 
regulator of lipid metabolism, primarily inhibiting lipopro-
tein lipase (LPL) and endothelial lipase (EL). Evinacumab, 
an ANGPTL3 monoclonal antibody, has proved effective in 
patients aged ≥ 12 years, in reducing LDL-C by ~ 50% in the 
ELIPSE HoFH trial when used alongside maximally toler-
ated LLTs and/or lipoprotein apheresis [16, 17]. The purpose 
of this meta-analysis was to evaluate and compare the effi-
cacy and safety of innovative LLT-PCSK9 and ANGPTL3 
inhibitors in the treatment of HoFH.

2 � Methods

2.1 � Search Strategy and Selection Criteria

We conducted the study in accordance with the 2020 Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [18]. As this is a meta-anal-
ysis, there was no need for Institutional Review Board (IRB) 
approval or patient informed consent. To define the clinical 
question and formulate a comprehensive search strategy, we 
applied the PICOS model, focusing on population, interven-
tion, comparison, outcomes and study design [19] (Supple-
mentary Table S1).

Databases were systematically searched up to 30 Novem-
ber 2024. These included PubMed-Medline, EMBASE, 
Scopus, Google Scholar, the Cochrane Central Register 
of Controlled Trials, and ClinicalTrials.gov, using specific 
keywords to identify relevant studies: ‘Proprotein con-
vertase subtilisin/kexin type 9’ OR ‘PCSK9 inhibitors’ OR 
‘PCSK9i’ OR ‘Angiopoietin-like protein 3 inhibitors’ OR 
‘ANGPTL3 inhibitors’ OR ‘ANGPTL3 i’ OR ‘Alirocumab’ 
OR ‘Evolocumab’ OR ‘Evinacumab’ AND ‘Homozygous 
Familial Hypercholesterolemia’ OR ‘Homozygous FH’ OR 
‘HoFH’ (Supplementary Table S2).To identify additional 
relevant studies, references from review articles and abstracts 
from key congresses, such as the European Society of Car-
diology (ESC), European Atherosclerosis Society (EAS), 
American Heart Association (AHA) and American College 
of Cardiology (ACC) were reviewed. The wildcard term 
‘*’ was employed to enhance search sensitivity, with the 
search restricted to human studies published in English and 
no filters applied. Each article was independently evaluated 
by two reviewers (M.S. and D.G.). In cases of uncertainty 
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regarding the suitability of a paper, the senior investigators 
(I.B. and M.B.) were consulted. The selected articles were 
assessed in full text, and data extraction was performed by 
the same researchers, while data analysis was conducted by 
two other researchers (S.B. and I.B.). Typically, the extracted 
data were compared with the original articles, and errors 
were corrected as needed. For each trial, the risk of bias 
was independently assessed by the same investigators using 
the revised Cochrane risk-of-bias tool for randomized trials 
(Cochrane RoB2 tool), which evaluates five domains: the 
randomization process, deviations from intended interven-
tions, missing outcome data, outcome measurement, and the 
selection of reported results. The risk of bias in each study 
was categorized as ‘low,’ ‘high’ or ‘unclear’ [20].

Articles were considered eligible if they reported the 
treatment of patients with HoFH with PCSK9 inhibitors 
(PCSK9i) or ANGPTL3 inhibitors (ANGPTL3i) under the 
following criteria: (i) trials investigating the efficacy and/or 
safety of PCSK9i/ANGPTL3i pre-post-treatment in patients 
with HoFH after treatment with standard lipid-lowering 
therapy (LLT); (ii) studies using genetic and/or clinical cri-
teria for the diagnosis of HoFH according to the available 
guidelines; and (iii) trials with a follow-up period of at least 
3 months. Exclusion criteria were: (i) insufficient statistical 
data to test the efficacy and safety of treatment, (ii) patients 
with heterozygous FH, (iii) studies not in humans, and (iv) 
ongoing studies (unless they had reported relevant interim 
results). Studies of unapproved therapies in patients with 
homozygous familial hypercholesterolemia (HoFH) were 
excluded from the meta-analysis.

2.2 � Outcome Variables

The primary end point was to assess the efficacy and safety 
of PCSK9 inhibitors and ANGPTL3 inhibitors in patients 
with HoFH. Efficacy parameters for PCSK9i (alirocumab, 
evolocumab) and ANGPTL3i (evinacumab) included 
changes in lipid profiles, such as total cholesterol (TC), 
triglycerides (TG), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C) and 
lipoprotein levels, including lipoprotein(a) (Lp(a)), apolipo-
protein A (Apo-A) and apolipoprotein B (Apo-B).

The secondary end point was related to safety, with 
parameters including the prevalence of adverse events (AEs) 
and inverse variance used for subgroup analyses between 
groups.

2.3 � Data Synthesis and Statistical Analyses

The meta-analysis was conducted using R Statistical Soft-
ware (v3.5.1, Boston, MA, USA) with the ‘meta’ and ‘meta-
for’ packages. For each randomized controlled trial (RCT), 
treatment effects were expressed as mean differences (MD) 

with 95% confidence intervals (CIs). Separate meta-analyses 
were conducted for PCSK9 inhibitors and ANGPTL3 inhibi-
tors in patients with HoFH [21].

Heterogeneity was assessed with the Cochran’s Q-test and 
quantified using the I2 statistic, and τ2 was estimated using 
the restricted maximum-likelihood (REML) method [22]. 
Subgroup analysis of summary of lipid profile and lipopro-
teins were compared between two group of treatments using 
a random effect model with Hartung–Knapp adjustment and 
differences between subgroups were tested using the χ2 test 
for subgroup differences.

Meta-regression analyses evaluated the effect of contin-
uous covariates (age) and categorical variables (genotype: 
negative, defective and heterozygous) on percentage LDL-C 
reduction. The prevalence of adverse events (AEs) was ana-
lysed as pooled proportions with 95% CIs using a random-
effects model (DerSimonian–Laird), with data transformed 
using the Freeman–Tukey double arcsine method where 
appropriate. Forest plots were generated without p value 
columns, with customized shapes, sizes and CI whiskers, 
as specified in the code. All statistical tests were two-tailed, 
and p values < 0.05 were considered statistically significant. 
Publication bias was assessed through visual inspection of 
funnel plots and Egger’s test.

3 � Results

3.1 � Characteristics of Included Trials

An initial search yielded 4687 articles, which were screened 
for relevance, leading to the selection of 348 articles. Fol-
lowing a rigorous selection process, 12 trials involving 
392 patients with HoFH were included in the meta-anal-
ysis [23–34] (Supplementary Fig. S1). Six RCTs utilized 
PCSK9i (n = 152 patients), while the remaining six RCTs 
applied treatment with ANGPTL3i (n = 240 patients). The 
characteristics of included trials is presented in Table 1. 
The mean age of the patients was 31.7±13 and 48.4% were 
females. A total of 55.2% of patients were with cardiovascu-
lar disease (CVD) at the trials’ inclusion. The prevalence of 
White patients was significantly higher compared with the 
Black, Asian or other races (75.4, 2.4, 8.5, 11%, p < 0.01; 
respectively).

When comparing the pooled mean differences (MDs) 
of patients treated with LLTs, patients age in the groups of 
PCSK9i and ANGPTL3i trials was similar (30.8 ± 14.8 
versus 33.3 ± 12.2, p = 0.07). However, the prevalence of 
female patients and the presence of CVD were significantly 
lower in patients treated with PCSK9i compared with those 
treated with ANGPTL3i (p < 0.01 for both), (Supplemen-
tary Table S3). The distribution of LDLR mutation types did 
not differ between the two treatment groups for the negative 
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and defective categories (41.5% versus 37.5%; 37.7% versus 
38.2%, respectively; p > 0.05 for both). However, the heterozy-
gous type was more prevalent in the ANGPTL3i group (21.3% 
versus 9.8%; p = 0.031), whereas the other type was more 
common in the PCSK9i group (10.9% versus 2.9%; p = 0.044; 
Supplementary Table S4).

3.2 � Comparative Efficacy of PCSK9i and ANGPTL3i 
on Lipid Profiles and Lipoproteins

At a median follow-up of 12 months, in the separation 
analysis using an inverse variance model, the ANGPTL3i 
group showed a significant mean reduction in TC [MD 

Table 1   Main characteristics of studies included in the present meta-analysis

All patients were on LLT (statin and ezetimibe). Apheresis was used in 77% of studies, except for Banerjee 2019, Stein 2013, and Raal 2015
HoFH homozygous familial hypercholesterolemia, NR non-reported, RCT​ randomized clinical trial

First author (trial) 
year

Study design Location Population Sample size Primary end 
points

Other end points Follow-
up 
(months)

Stein (TESLA, 
Part A) 2013 
[23]

RCT (single blind)
NCT01588496

USA, Europe, 
Africa

HoFH (genetic or 
clinical criteria)

8 Lipid profile
Lipoproteins

Adverse events 6

Raal (TESLA, 
Part B) 2015 
[24]

RCT (double 
blind)

NCT01588496

USA, Europe, 
Middle East, 
Africa

17 centers

HoFH (genetic or 
clinical criteria)

33 Lipid profile
Lipoproteins

Adverse events 3

Blom (ODYSSEY 
HoFH) 2020 
[25]

RCT (double 
blind)

NCT03156621

USA
27 centers

HoFH (genetic 
criteria)

45 Lipid profile
Lipoproteins
Hospitalization

Adverse events 3

Santos (TAUS-
SIG) 2020 [26]

RCT (double 
blind)

NCT01624142

USA
44 centers

HoFH (genetic 
criteria)

106 Lipid profile
Lipoproteins
Hospitalization

Adverse events 60

Bruckert 2022 
[27]

RCT (open label)
NCT03510715

10 countries, 
Brazil, Canada, 
Netherland etc.

HoFH (genetic 
criteria)

18 Lipid profile
Lipoproteins

Adverse events 12

Bansal (RAMAN) 
2021 [28]

RCT (open label)
NCT03403374

India HoFH (genetic or 
clinical criteria)

30 Lipid profile
Lipoproteins

Adverse events 12

Banerjee 2019 
[29]

RCT (double 
blind)

NCT02265952

USA, Canada, 
Netherland

5 centers

HoFH (genetic 
criteria)

9 Lipid profile NR 3

Raal (ELIPSE 
HoFH) 2023 (a) 
[30]

RCT (double 
blind)

NCT03399786

11 countries
30 centres

HoFH (genetic or 
clinical criteria)

44 Lipid profile
Lipoproteins

Adverse events 6

Raal (ELIPSE 
HoFH) 2023 (b) 
[30]

RCT (double 
blind)

NCT03399786

11 countries
30 centres

HoFH (genetic or 
clinical criteria)

20 Lipid profile
Lipoproteins

Adverse events 12

Stefanuti 2024 
[31]

RCT (open label) Italy HoFH (genetic 
criteria)

7 Lipid profile
Lipoproteins

Adverse events 6

Gaudet 2024 [32] RCT (double 
blind)

NCT03409744

USA, Australia, 
Canada etc.

38 centers

HoFH (genetic or 
clinical criteria)

46 Lipid profile
Lipoproteins

Adverse events 26

Béliard (OLE 
ELIPSE HoFH) 
2024 [33]

RCT (open label)
2024/A01549-38

France HoFH (genetic 
criteria)

12 Lipid profile
Lipoproteins

Adverse events 10

Wiegman (PART 
B) 2024 [34]

RCT (open label)
NCT04233918

USA, Austria, 
Ukraine etc.

10 centers

HoFH (genetic or 
clinical criteria)

14 Lipid profile
Lipoproteins

Adverse events 6
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Fig. 1   Mean change in lipid profile in the ANGTPL3i group. CI confidence interval, HDL-C high density lipoprotein cholesterol, LDL-C  low 
density lipoprotein cholesterol, MD mean difference, TC total cholesterol, TG triglycerides
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− 49.9% (− 55.7 to − 44.0; p < 0.001)], LDL-C [MD 
− 50.77% (− 56.3 to − 45.2; p < 0.001)] and TG [MD 
− 50.5% (− 52.2 to − 45.7; p < 0.001)], as well as a sig-
nificant reduction in HDL-C [MD − 28.9% (− 39.1 to 
− 18.7; p = 0.002); Fig. 1]. Similarly, but to a lesser extent, 
the PCSK9i group demonstrated mean reductions in TC 
[MD − 21.21% (− 27.7 to − 15.7; p = 0.003)] and LDL-C 
[MD − 17.8% (− 26.0 to − 9.6; p = 0.002)], along with a 
significant increase in HDL-C [MD 5.25% (1.26 to 9.15; 
p = 0.021)], while the reduction in TG was not statisti-
cally significant [MD − 8.25% (− 28.7 to 12.2; p = 0.29); 
Fig. 2]. Similarly, both PCSK9i and ANGPTL3i reduced 
Apo-B and Lp(a), whereas Apo-A remained unaffected 
in the PCSK9i group but showed a slight, yet statistically 
significant, decrease in the ANGPTL3i group (p < 0.05 for 
all; Supplementary Figs. S2 and S3).

When comparing the subgroup analyses on lipid pro-
file and lipoproteins, the ANGPTL3i group showed 
a greater mean reduction in TC [MD − 49.9% versus 
− 21.2%; pfor subgroup < 0.001] and LDL-C [MD − 50.7% 
versus − 17.8%; pfor subgroup < 0.001] compared with the 
PCSK9i group. In contrast, HDL-C increased slightly 
more with PCSK9i than with ANGPTL3i [5.2% versus 
− 28.9%; pfor subgroup = 0.001]. TG levels did not change 
significantly with PCSK9i, whereas they were mark-
edly reduced with ANGPTL3i [− 8.2% versus − 48.9%; 
pfor subgroup < 0.001; Supplementary Figs. S4 & S5; 
Graphical Abstract]. Likewise, Apo-B decreased more 
with ANGPTL3i than with PCSK9i [− 26.9% versus 
− 13.2%; pfor subgroup < 0.001], whereas the reduction in 
Lp(a) was comparable between the two groups (− 29.8% 
versus − 22.9%; pfor subgroup = 0.54). Apo-A remained unaf-
fected in the PCSK9i group but showed a slight decrease 
with ANGPTL3i (Supplementary Fig. S6). A summary 
of ANGPTL3 and PCSK9 inhibitors efficacy is presented 
in Fig. 3.

3.2.1 � Effect of LDLR Genotype and Age on LDL‑C Reduction

The ANGPTL3i group showed a significantly greater 
reduction in LDL-C among patients with the negative 
genotype; for every 10% increase, the mean additional 
reduction was − 34.5% (95% CI − 54.7 to − 14.2; p = 0.04) 
compared with PCSK9i. A similar trend was observed in 
the defective genotype [− 23.1% (95% CI − 44.7 to 1.55); p 
= 0.07], although this did not reach statistical significance. 
No significant difference was observed in the heterozygous 
genotype [intercept = − 18.9% (95% CI − 52.1 to 14.3); p 
= 0.36; Supplementary Fig. S7]. Age did not have a sig-
nificant mediating effect on the mean reduction of LDL-C 
[intercept = − 0.44 (95% CI 2.5 to 1.6); p = 0.669; Sup-
plementary Fig. S8].

3.2.2 � Safety and Tolerability of PCSK9i and ANGPTL3i 
in Patients with HoFH

At the end of the follow-up period, no significant differ-
ence was observed between the groups with regards to the 
prevalence of AEs or treatment discontinuation (p > 0.05 
for both). The prevalence of gastroenteritis, abdominal pain, 
nausea and vomiting was higher, while injection site reac-
tions, upper respiratory tract infections and elevated creatine 
kinase were less prevalent in the ANGPTL3i group com-
pared to PCSK9i (p < 0.05 for all). Other adverse clinical 
events were not significantly different between the groups 
(Table 2).

3.3 � Risk of Bias Assessment

The assessment of risk of bias in the included studies using 
RoB2 for RCTs showed that most studies had moderate-
to-high quality level in defining objectives and the main 
outcomes (Supplementary Table S4). Also, there was no 
evidence for publication bias as evaluated by the Egger’s 
test for our findings.

4 � Discussion

HoFH remains underdiagnosed and often identified too late, 
leading to suboptimal treatment despite the availability of 
several LLTs for reducing LDL-C [2, 35]. Also, guideline-
recommended LDL-C targets are rarely achieved in these 
patients, largely owing to the heterogeneous nature of the 
condition, which results from its diverse genetic and pheno-
typic presentations. Consequently, achieving optimal LDL-C 
levels is challenging, and newer therapies are typically added 
to existing treatments rather than replacing them. This 
practice complicates accurate evaluation of the individual 
efficacy of new therapies, as issues of external validity and 
generalizability arise from the wide variety of background 
treatments [1, 9, 36]. In addition, CRISPR-based gene edit-
ing is a promising future therapy for HoFH, aiming for long-
term LDL-C reduction via a single hepatic dose targeting 
PCSK9 or ANGPTL3. Early studies, including VERVE-
101, have shown encouraging preliminary results, though 
this approach remains in early clinical development [37]. 
In selected cases, liver transplantation remains an option 
for HoFH—particularly for patients with null mutations and 
refractory hypercholesterolemia despite maximal therapy. 
Transplantation restores functional LDL receptors and mark-
edly lowers LDL-C, but its risks limit use to specialized 
centres [38]. Patients with HoFH are also prone to prema-
ture aortic stenosis from lifelong extreme LDL-C exposure, 
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Fig. 2   Mean change in lipid profile in the PCSK9i group. CI confidence interval, HDL-C high density lipoprotein cholesterol, LDL-C  low den-
sity lipoprotein cholesterol, MD mean difference, TC total cholesterol, TG triglycerides
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which accelerates valvular calcification; therefore, regular 
echocardiographic monitoring is recommended, and new 
therapies may effectively decrease this risk [39].

To our knowledge, this is the first meta-analysis that com-
pares the efficacy and safety of PCSK9i and ANGPTL3i in 
patients with HoFH. The results of our meta-analysis, which 
included 12 RCTs involving 392 early adult patients with 
HoFH and a median follow-up of 6 months, demonstrate 
a greater reduction in the lipid profile (TC, LDL-C, TG) 
and lipoproteins such as ApoB and Lp(a) in patients treated 
with ANGPTL3i compared with those receiving PCSK9i. 
Conversely, HDL-C showed a slightly greater increase in the 
PCSK9i groups, while Apo A levels remained unaffected in 
both treatment groups.

PCSK9 monoclonal antibody therapy (evolocumab or 
alirocumab, at approved doses for HoFH) has shown sig-
nificant efficacy in reducing LDL-C levels for many patients 
with HoFH [23–28, 40, 41]. However, the extent of LDL-C 
reduction can vary widely depending on the activity of the 
LDL receptor (LDLR), as well as individual genetic factors 

influencing response to treatment. Pharmacogenetic profiling 
may help predict the effectiveness of these therapies, and in 
some cases, the treatment response is best assessed through a 
trial of different therapeutic approaches [1, 2, 36]. Based on 
the 2023 European Atherosclerosis Society (EAS) Consen-
sus Statement on HoFH, if patients show > 15% additional 
LDL-C reduction, PCSK9-directed therapy may continue [1, 
7]. This variability underscores the importance of personal-
ized treatment strategies for achieving optimal lipid con-
trol in patients with HoFH. On the other hand, ANGPTL3 
monoclonal antibody, targets angiopoietin-like protein 3, 
which plays an important role in regulating lipid-lipopro-
tein metabolism. Licensed for patients with HoFH aged ≥ 12 
years, evinacumab gained approval based on results from the 
Phase 3 ELIPSE HoFH trial [1, 29]. Importantly, response 
to evinacumab was not dependent on LDL receptor (LDLR) 
genotype, with similar outcomes in patients with biallelic 
null variants or those with predicted residual LDL receptor 
function. Despite the difference in the pharmacokinetics of 
these two medications groups, at the end of the follow-up 

Fig. 3   Summary mean change of lipid profile. Apo apolipoprotein, CI confidence interval, HDL-C high density lipoprotein cholesterol, LDL-C  
low density lipoprotein cholesterol, Lp (a) lipoprotein (a), MD mean difference, TC total cholesterol, TG triglycerides
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period, no significant differences were found between the 
treated groups in terms of the prevalence of treatment-emer-
gent adverse events or treatment discontinuation.

Differences in efficacy and safety may relate to the use 
of apheresis (present in 77% of studies, except for Banerjee 
2019, Stein 2013, and Raal 2015), study design (double-
blind, open-label, or single-arm), and patient status (naive 
versus extension) [23, 24, 29]. However, owing to the small 
number of patients in some studies, these factors likely 
had a limited influence on overall results [23, 24, 29]. The 
genotypic findings from our meta-analysis suggest a plau-
sible increased reduction in LDL receptor (LDLR) activity, 
given that the cohort was relatively young and presented 
with markedly elevated baseline LDL-C levels, potentially 
reflecting significant LDLR dysfunction. Meta-regression 
analysis showed that ANGPTL3 inhibitors achieved a sig-
nificantly greater LDL-C reduction in individuals with the 
negative genotype (− 34.5%; p = 0.04) and a trend toward 
greater reduction in those with the defective genotype 
(− 23.1%; p = 0.07) compared with PCSK9 inhibitors, with 
no significant difference observed in the heterozygous type. 

Age was not a significant mediator of LDL-C reduction (p 
= 0.66). These findings suggest that genotype may influ-
ence treatment response, while age appears to have minimal 
impact. Furthermore, patients with baseline LDL-C levels 
greater than 13 mmol/L (500 mg/dL) did not achieve con-
sistent lipid-lowering effects with PCSK9i, in contrast to 
those with lower baseline LDL-C levels (< 13 mmol/L or 
< 500 mg/dL), thus further supporting the hypothesis of 
LDLR impairment. In summary, the variability in responses 
to ANGPTL3i and the apparent discrepancies compared to 
other studies may be attributable to the LDLR genotype of 
the patient population [27, 28, 34, 36, 42, 43].

4.1 � Strength and Limitations

Our meta-analysis highlights the efficacy and safety of 
new lipid-lowering therapies (ANGPTL3i and PCSK9i) 
in patients with HoFH, one of the most challenging groups 
of dyslipidemic patients. Owing to suboptimal treat-
ment, patients with HoFH carry a high risk for ASCVD, 

Table 2   The prevalence of adverse events among patients treated with PCSK9 and ANGPTL3 inhibitors

ALT alanine transaminase, AST aspartate transaminase, CK creatine kinase, SAMS statin-associated muscle symptoms, TEAE treatment-emergent 
adverse event, ULN upper limit of normal

Adverse events ANGTPL3i PCSK9i

Prevalence (%) 95% CI Prevalence (%) 95% CI

Serious TEAE 9.091 4.930–15.04 12.03 9.302–18.29
Gastroenteritis 4.895 1.990–9.826 1.250 0.259–3.609
Abdominal pain 4.196 1.555–8.909 0.000 0.000–1.525
Nausea 6.993 3.404–12.48 0.000 0.000–1.525
SAMS 0.000 0.000–2.547 3.750 1.729–6.999
Vomiting 3.497 1.145–7.971 0.000 0.000–1.525
Diarrhea 4.196 1.555–8.909 4.583 2.310–8.053
Constipation 0.000 0.000–2.547 0.000 0.000–1.525
Neurologic disorders 2.797 0.767–7.007 1.250 0.259–3.609
Hepatic disorders 0.000 0.000–2.547 0.000 0.000–1.525
Headache 10.08 7.080–18.35 8.333 5.164–12.57
Myalgia 3.497 1.145–7.971 3.750 1.729–6.999
Sleep disorders 0.000 0.000–2.547 0.000 0.000–1.525
Rash/Skin disorders 0.000 0.000–2.547 0.833 0.101–2.978
Influenza like disease 4.196 1.555–8.909 8.750 5.498–13.06
Upper respiratory tract infection 4.196 1.555–8.909 10.41 6.855–14.99
CK < 3, < 10 × ULN 0.000 0.000–2.547 5.833 3.225–9.594
CK > 10 × ULN 0.000 0.000–2.547 3.750 1.729–6.999
ALT > 3 × ULN 2.098 0.435–6.008 2.917 1.181–5.917
AST > 3 × ULN 2.098 0.435–6.008 2.917 1.181–5.917
Discontinuation 1.399 0.170–4.961 1.667 0.456–4.212
Injection side effects 0.000 0.000–2.547 7.500 4.505–11.59
Total (fixed effects) 2.334 1.837–2.922 2.775 2.349–3.253
Total (random effects) 2.334 1.250–3.744 2.775 1.475–4.467
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contributing to a significant burden of CV outcomes and 
premature mortality.

Our meta-analysis has some obvious limitations. Mod-
erate heterogeneity was noted in some of the analyses, 
although we applied a random-effects model to reduce its 
impact. Another limitation is that this meta-analysis was 
not registered in PROSPERO. Moreover, the trials included 
were single-arm, which precluded direct comparisons. 
Nonetheless, the sub-analysis, using pooled mean differ-
ences with inverse variance, refuted any impact of the vari-
ations in sample size or age on the results. The available 
data were insufficient to draw definitive conclusions about 
the effectiveness and safety of the two new drug classes, 
especially for genetic mutation-based subgroups, primarily 
because of the limited number of trials. The small number 
of studies in the meta‑regression (k < 10) reduced power to 
detect moderator effects and increased the risk of unstable 
estimates, particularly for the compound‑heterozygous sub-
group. Future studies are needed to assess LDL‑C response 
by genotype and to enable more precise, individualized treat-
ment strategies for this patient population.

In conclusion, this meta-analysis demonstrated that 
PCSK9 inhibitors are less effective in reducing LDL-C 
levels in patients with HoFH compared with ANGPTL3 
inhibitors, especially in those with a negative LDLR geno-
type. Further studies are needed to compare the effective-
ness of both treatments across different functional varia-
tions of LDL receptors in patients with HoFH.
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